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Abstract

Summary of Monte Carlo estimates of neutrino interaction rates for various NuMI off-axis energy

and beam configurations and FNAL-DUSEL Wide-Band Low-Energy (WBLE) beams.



Distance off-axis|v, CC|v, CC osc|v, CC beam|v, QE beam NC-179 v, — v, CCly, — 1, QE

NuMI LE tune at 700 km

0 km [400.2 |267.6 4.55 0.444 21.2 3.66 0.676
40 km| 4.81| 2.66 0.190 0.047 0.525 |0.071 0.038

NuMI LE tune at 810 km

0 km|299.0 [187.4 3.40 0.332 15.8 3.10 0.551
6 km|198.6 [107.0 2.59 0.275 11.9 2.53 0.506
12 km| 84.4 | 31.9 1.57 0.193 6.79 |1.41 0.367
30 km| 11.6 8.38 0.353 0.070 1.32 ]0.107 0.046
40 km| 5.38| 2091 0.195 0.045 0.596 |0.084 0.045

NuMI ME tune at 810 km

0 km|949.1 |781.1 7.14 0.485 30.6 4.71 0.527
6 km|304.9 [191.4 3.83 0.313 14.9 3.19 0.491
12 km| 80.5 | 32.0 1.81 0.174 5.74 11.33 0.330
30 km| 8.59| 5.52 0.321 0.051 0.81 |0.094 0.038
40 km| 4.14| 2.40 0.168 0.032 0.427 {0.054 0.022

TABLE I: Signal and background interaction rates for various NuMI beam configurations, baselines
and off-axis distances. Rates are given per MW.107s.kT. The rates are integrated over the range

0-20 GeV. For v, — v, oscillations a value of sin® 2615 = 0.04 and Am%l =2.5x 1073 eV? is used.

No detector model is used.



Distance off-axis|7, CC|v, CC osc|v, CC beam |, QE beam NC-179 v, — v, CCly, — v, QE

NuMI LE tune at 700 km

0 km|157.6 |102.3 1.69 0.306 19.3 1.25 0.306

40 km| 1.64| 0.905 [0.063 0.021 0.544 10.024 0.016
NuMI LE tune at 810 km

0 km|117.7 | 71.0 1.26 0.229 14.4 1.026 0.285

6 km| 77.6 | 39.8 0.925 0.179 10.8 0.800 0.241

12 km| 31.7 | 10.9 0.545 0.116 6.29 ]0.388 0.145

30 km| 3.87| 2.69 0.122 0.035 1.31 ]0.043 0.025

40 km| 1.81| 0.97 0.066 0.021 0.609 [0.029 0.018
NuMI ME tune at 810 km

0 km|350.6 |285.1 2.53 0.349 23.6 1.59 0.316

6 km|112.8 | 69.0 1.28 0.208 11.9 1.011 0.259

12 km| 27.7 9.83 0.601 0.105 4.76  0.348 0.125

30 km| 2.66| 1.67 0.109 0.027 0.70 10.027 0.014

40 km| 1.27| 0.73 0.057 0.016 0.376 10.015 0.008

TABLE II: Signal and background interaction rates for various NuMI anti-neutrino beam con-
figurations, baselines and off-axis distances. Rates are given per MW.107s.kT. The rates are
integrated over the range 0-20 GeV. For v, — v, oscillations a value of sin® 2613 = 0.04 and

Am?, = 2.5 x 1073 eV? is used. No detector model is used.



Degrees off-axis|v, CC|v, CC osc|v, CC beam|v, QE beam NC-17Y v, — v, CCly, — v, QE
WBLE 120 GeV at 1300 km with decay pipe 2m radius 380 m length
0°]198.2 |104.9 1.89 0.179 9.11 2.85 0.408
0.5°| 89.9 | 37.9 1.22 0.140 5.62 1.62 0.300
1.0°] 34.2 | 19.5 0.621 0.095 2.95 0.470 0.129
2.5° 4.66| 2.36 0.116 0.032 0.550 ]0.094 0.049
WBLE 60 GeV at 1300 km with decay pipe 2m radius 380 m length
0°1151.0 | 69.2 1.34 0.169 7.83 2.53 0.403
0.5°| 77.2 | 28.7 0.906 0.134 5.33 1.52 0.305
1.0°| 33.3 | 184 0.520 0.098 3.08 0.480 0.141
2.5°| 5.05| 2.56 0.120 0.035 0.611 ]0.105 0.058
WBLE 40 GeV at 1300 km with decay pipe 2m radius 380 m length
0°]110.4 | 44.4 1.02 0.159 6.50 2.05 0.357
WBLE 28 GeV at 1300 km with decay pipe 2m radius 180 m length
0°] 52.5 | 19.4 0.374 0.074 3.87 1.05 0.223

TABLE III: Signal and background interaction rates at 1300 Km (Fermilab-HOMESTAKE) using
different WBLE beam energies and off-axis angles. The rates integrated over the neutrino energy
range of 0 - 20 GeV. Rates are given per MW.107s.kT. For v, — V. oscillations a value of sin? 26013 =

0.04 and Am%l =2.5x 1073 ¢V?2 is used. No detector model is used.



Degrees off-axis|v, CC|v, CC osc|v, CC beam |, QE beam NC-17Y v, — v, CCly, — v, QE
WBLE 120 GeV at 1300 km with decay pipe 2m radius 380 m length
0°]75.0 |37.7 0.570 0.106 7.79 0.669 0.160
0.5°133.5 |13.0 0.356 0.077 4.90 0.332 0.103
1.0°|12.0 6.47 0.185 0.056 2.64 0.122 0.056
2.5°| 1.41 | 0.694 0.037 0.013 0.499 10.033 0.022
WBLE 60 GeV at 1300 km with decay pipe 2m radius 380 m length
0°150.5 |21.3 0.373 0.088 6.05 0.507 0.137
0.5°(25.4 8.52 0.248 0.066 4.23 0.272 0.094
1.0°/10.3 5.38 0.144 0.045 2.52 0.116 0.058
2.5°] 1.36 | 0.667 0.031 0.013 0.518 ]0.035 0.024
WBLE 40 GeV at 1300 km with decay pipe 2m radius 380 m length
0°133.8 |12.5 0.270 0.069 4.70 0.366 0.110
WBLE 28 GeV at 1300 km with decay pipe 2m radius 180 m length
0°]14.6 4.94 0.076 0.026 2.64 0.172 0.065

TABLE IV: Signal and background anti-neutrino interaction rates at 1300 Km (Fermilab-

HOMESTAKE) using different WBLE beam energies and off-axis angles. The rates integrated

over the neutrino energy range of 0 - 20 GeV. Rates are given per MW.107s.kT. For vy, — Ve

oscillations a value of sin® 26;5 = 0.04 and Am%l = 2.5 x 1073 eV? is used. No detector model is

used.




Neutrino Rates ||Anti Neutrino Rates

Beam (mass ordering) sin? 2613 dop deg.

0° {90°|180°|270°|| 0° {90°|180°| 270°

NuMI LE 12 km offaxs (+)| 0.02 |76 |108| 69 | 36 || 20 |7.7| 17 30

NuMI LE 12 km offaxs (-) 0.02 |46 | 77| 52 | 21 ||28 |14 28 42

(

(
NuMI LE 12 km offaxs (+)| 0.1 |336|408| 320 | 248 || 86 | 57 | 78 | 106
NuMI LE 12 km offaxs (-) 0.1 ]210|280| 224 | 153 ||125| 95 | 126 | 157

NuMI LE 40 km offaxs (4+)| 0.02 |[5.7(88| 5.1 |22]/25(1.6]0.7| 3.3

(
NuMI LE 40 km offaxs (-) | 0.02 [4.2]8.0| 5.7 | 2.0 ||2.3]2.2] 0.8 | 3.6
(
(

NuMI LE 40 km offaxs (+)| 0.1 17124) 15 1941/6.7(28| 46| 85
NuMI LE 40 km offaxs (-) 0.1 1212116 | 7.7 ||6.6]/3.4|6.4| 9.6

WBLE 1300 km (+) 0.02 [141[192| 128 | 77 || 19| 11| 18 | 36
WBLE 1300 km (-) 0.02 |58|111| 88 | 35 || 45|25| 45 | 64
WBLE 1300 km (+) 0.1 |607|720| 579 | 467 ||106| 67 | 83 | 122
WBLE 1300 km (-) 0.1 |269(388| 335 | 216 ||196]154| 196 | 240
WBLE 2500 km (+) 0.02 |61(103| 88 | 46 || 11 |4.6| 4.7 | 11
WBLE 2500 km (-) 0.02 |16(36| 33 |13 | 28|15| 18 | 31
WBLE 2500 km (+) 0.1 |270(361|328 23827 |13 | 13 | 28
WBLE 2500 km (-) 0.1 |47]92]| 85 | 39 |[103| 74| 80 | 109

TABLE V: This table contains signal event rates after v, — v, conversion for the various scenarios
described. The event rates here have no detector model or backgrounds. The units are charged
current events per 100 kTon of detector mass for 1 MW of beam for 107sec of operation. For NuMI
running we assume 120 GeV protons in the LE tune and for WBLE we have assumed 60 GeV
protons. The charged current cross sections applied as well as the oscillation parameters used are

described in the text.
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FIG. 1: NuMI total CC event spectra (no oscillations) with the v, — v, oscillation probabilities

overlaid for sin® 26,3 = 0.04 and various values of d¢p as a function of log(E,).
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FIG. 2: NuMI total CC event spectra (no oscillations) with the 7, — 7, oscillation probabilities

overlaid for sin® 26,3 = 0.04 and various values of d¢p as a function of log(E,).
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FIG. 3: NuMI total CC event spectra (no oscillations) with the v, — v, oscillation probabilities

overlaid for sin® 26,3 = 0.04 and various values of d¢p as a function of log(E,).
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FIG. 4: NuMI total anti v CC event spectra (no oscillations) with the v, — 7 oscillation proba-

bilities overlaid for sin® 26,3 = 0.04 and various values of dep as a function of log(E,).

10



LE disappearance 735km / Okm

©

Jlr ~humu CC osc (242.739,32.670)

numu CC  (363.158,101.739)

N

N

TTT T[T T T[T T I T T [ T T[T T [TT T [TTTT[TTTT[TT

—
—

Events (evt/GeV/IMW.1E7s/kTon)
w )] 8

—
——
e

N

P
/
4

[y

s
W% et g

14 16 18 20
Energy (GeV)

TR B

10 12

LE disappearance 810km / 6km

)

TTTT

'rll numu CC osc (106.983,23.581)

numu CC  (198.624,91.485)

TTTT

evt/GeVIMW.1E7s/kTon
D ()]

TTTT

a
TTTT
Ty
—

Events (

N W
TTTT TTTT
—
P i

TTTT

e W
1 N S S v

10 12

It e
14 16 18 20

Energy (GeV)

LE disappearance 810km / 30km

[y

C numu CC osc (8.380,4.742)

H
2

F T numu CC (11.581,7.044)

H
A

=

Events (evt/GeVLMW.1E7s/kTon)
N

10 12 14 16 18 20
Energy (GeV)

LE disappearance 700km / 40km

numu CC osc (2.663,1.106)

numu CC  (4.811,2.738)

T T 11

T T T 1T

T T T 1

Events (evt/GeV/IMW.1E7s/kTon)

——

0
[ AN

S 24 6 8

T

10 12 14 16 18 20
Energy (GeV)

LE disappearance 810km / 12km

)
o)

numu CC osc (31.852,8.844)

(&)
o

numu CC  (84.369,56.672)

T T T T
e

T T

I
o

T T 1T

Events (
w
o

T T 1T
_‘_‘_"—|_,

evt/GeV/IMW.1E7s/kTon

N
o

T T T

\
RS

Cb ! 2\1\4\\\6\\L8

T T 1T

IR T e e e

10 12 14 16 18 20
Energy (GeV)

LE disappearance 810km / 40km

I4

TT 17T

numu CC osc (2.907,1.232)

numu CC  (5.385,3.079)

TT 11

TT 1T

TT 1T

Events (evt/GeVIMW.1E7s/kTon)

TTTT

10 12 14 16 18 20
Energy (GeV)

%1121l4lll6 5

FIG. 5: v, — v, total CC interaction rates for NuMI LE tune and various off-axis options for (0-20

GeV, 0-3GeV).



AntiLE disappearance 735km / Okm

=40°

|9 C "~ _anumu CC osc (92.753,13.921)
=350

D C ]l[ T _anumu CC (142.962,42.700)
—30F

HIN

= [

> 250 b

[ R

& /7

AN

Events (
[==Y
a1
TTTT
—_
T
=

i
TTTT

e

e

M"Nww
1 ) S Y S N oy v

10 12

TTTT

S L L D

14 16 18 20
Energy (GeV)

AntiLE disappearance 810km / 6km

’C\ -
|2 L anumu CC osc (39.752,9.914)
~
©25 _
i C anumu CC  (77.580,38.106)
— L
=t
S20°
S L
[T
Q. l
S15)
L ¢
w -
£ T I‘lk
>l k / / \l:
w \L

57 .

FEE
C i B
1 llllll\\lllllllw

i
14 16 18 20
Energy (GeV)

AntiLE disappearance 810km / 30km

10 12

= F
° L anumu CC osc (2.689,1.526)
X 5

2]

D r anumu CC  (3.865,2.403)
- [

= 4

s [

> L

v [

(O]

= J

s 30

() | -

~ | -

(2]

o [

S 2

o 4

a F

1 ll‘a_ .
(2 ﬁ%"

10 12 14 16 18 20
Energy (GeV)

AntiLE disappearance 700km / 40km

anumu CC osc (0.906,0.409)

anumu CC  (1.637,0.972)

» o ®
T

=
T

()] [or]
T

I
;

o o FRyents (evt/Ge\V/MW.1E7s/kTon)
i ¢ ( N

e
AN

k"‘!—.._‘.‘LLL‘_‘ L I I A

6 8 10 12 14 16 18 20
Energy (GeV)

AntiLE disappearance 810km / 12km

!

<7
N
N

=24 -
anumu CC osc (10.898,3.454)

o
=22

anumu CC  (31.738,22.594)

V
[ary
\e
T T T T [T [T [T T [T [ T[T TTr[TTT

! v e Lo T

e e o e bl
10 12 14 16 18 20
Energy (GeV)

AntiLE disappearance 810km / 40km

<
N
N
o
[ee]

N

anumu CC osc (0.975,0.434)

anumu CC  (1.814,1.067)

N o 0 KN

T [T T T [T T T[T T T T T[T T T[T T T T T T [TTT[TTT[TT

N

o CJEv_gpts (ev!ng_zyll\{I_W.Jr_EYS/kTRp)

N o ®

L)
RN K
%1 1 2 1 l4l L l6 8 L el Ll

o
[N

10 12 14 16 18 20
Energy (GeV)

FIG. 6: v, — v, total CC interaction rates for NuMI LE tune and various off-axis options for (0-20

GeV, 0-3GeV).



ME disappearance 810km / Okm

F60r
|9 L ~_numu CC osc (781.091,13.545)
Fa0t
D L ﬁfﬁl’l numu CC  (949.086,43.356)
oo ‘

N I
s /1A
F00C
NI 72N
g8
1% L
<6
S00C
:r \

T/ Y

2 : T,

:).jrr bkww"""""“’"L-lr'!-"».w-u

2 4 6 8 10 12 14 16 18 20

ME disappearance 810km / 6km

numu CC osc (191.356,20.736)

numu CC  (304.892,64.855)

gavt/GeV/MWplEk/ho n)
® o N

Events
N

N

|

|

|

|
|
N

Ll

1

!

!

11| 11| L1l 1T i
10 12 14 16 18 20
Energy (GeV)

ME disappearance 810km / 30km

o

numu CC osc (5.528,1.792)

N

o

numu CC  (8.591,3.983)

L L UL

W

o

Events (ey/GeVIMW.1E7s/kTon)
o_N

[¢)]

0.5

=
R T[T T[T T[T T[T T[T
e

i%,

Ll

1

el L1

8

10 12 14 16 18 20
Energy (GeV)

Energy (GeV)
ME disappearance 810km / 12km

N
(@]

TTTT

(o)
o

TTTT

numu CC osc (32.027,7.154)

numu CC  (80.504,52.816)

a

IS
o

TT 1T

w

TTTT

Events (evt/GeV/IMW.1E7s/kTon)

N
o

e S

T 1T
e

i e it i i i T

el

L1 LT

R

N

6 8

10 12 14

16 18 20
Energy (GeV)

ME disappearance 810km / 40km

o)

[0)]

I

numu CC

numu CC osc (2.405,0.795)

(4.141,1.929)

N
T

=

()] ®
TT -
—

o E\_g;nts_c(evt/GeV_ﬂ\VIW.’;EY%Top_)

N

o©
[

achrele ade ol ol 1 L4

10 12

4 16 18 20
Energy (GeV)

FIG. 7: v, — v, total CC interaction rates for NuMI ME tune and various off-axis options for

(0-20 GeV, 0-3GeV).

13



AntiME disappearance 810km / Okm

=60
g L ~_anumu CC osc (285.123,5.499)
£t
o_ [ JF |
55 r fj \l anumu CC  (350.594,17.651)
= F
s \
40" f |
st/
Q r f
330 /
»n [
Sod /
2
10" ﬁll 1\,""
2 4 6 8 10 12 14 16 18 20

AntiME disappearance 810km / 6km

=50¢
IS L anumu CC osc (68.990,8.212)
~
@ r
4 anumu CC  (112.835,25.787)
- F
s [
= |
>3
Q r
s L
L L
82
=t
[
>
T
10° f k
:J o
A T T I N o o i o o e S
2 4 6 8 10 12 14 16 18 20

Energy (GeV)
AntiME disappearance 810km / 30km

on.

anumu CC osc (1.670,0.529)

¥

anumu CC  (2.657,1.245)

=

©

Events(evt/GeVIMW.1E7s(KT
o

I

e

o

2

o N

2 4 10 12

P P

14 16 18 20
Energy (GeV)

Energy (GeV)
AntiME disappearance 810km / 12km

N
a1

T T T

N
o

L

anumu CC

anumu CC osc (9.830,2.663)

(27.690,19.561)

iy
(6]

T T T

Events (evt/GeV/IMW.1E7s/kTon)
(=Y

T T T

|
|
|
|

T T T

N

r

i e e o i s el e T IRV

%

2 6 8

AntiME disappearance 810km / 40km

T

o

T T T T

e e

anumu CC

20
Energy (GeV)

anumu CC osc (0.725,0.234)

(1.268,0.595)

I

T T T T

W

Evepts (evt/GeVIMWET7s/kTgn)
)

‘l-"_'_._

o
[y

o s DLV

“
N;

10 12

14

16 18 20
Energy (GeV)

FIG. 8: v, — v, total CC interaction rates for NuMI ME tune and various off-axis options for

(0-20 GeV, 0-3GeV).

14



LE appearance 735km / Okm

éozz numu->nue CC (3.325,1.884)
= ﬂ —Thumu->nue QE (0.613,0.446)
X104 —hue CC (beam) (4.131,0.663)
ﬂ ; nue QE (beam) (0.403,0.169)
wor fiumu NC  (19.180,19.156)
=
E ,) T
s F $ : A
= all Ve i e o]
AOME 1 s ety
o HHT w
E’DQ o \WM“"-'" T
! oo
2 Wi \\ HreTnedy
%0° I e
4L e

107 ¢ “Nv\"'""w\,\_
10°¢ !

- 111 11 1 il | Ll Ll L1l L1l L1l L1l

0 2 4 6 8 10 12 14 16 18 20

Energy (GeV)
LE appearance 810km / 6km

E humu->nue CC (2.531,1.862)
= :Illl_ —__humu->nue QE (0.506,0.429)
—&10 —hue CC (beam) (2.587,0.528)
ﬁ E nue QE (beam) (0.275,0.136)
I"H 1k numu NC (11.919,11.909)
z b .}\ "

g _1: | ; WL_""""-'I...:-IH-.. n "

30°E I»ﬂ»\i:\ WAl

QO

EO»Z _]'HL\‘\E\ bwm“'w“v

2 ']-f'. B -,

£0 y -

L

10 e

10°F T
2 4 6 8 10 12 14 16 18 20

Energy (GeV)
LE appearance 810km / 30km

’Elo E humu->nue CC (0.107,0.081)
,3 il fumu->nue QE (0.046,0.044)
=< 1L —Tue CC (beam) (0.353,0.141)
A —ue QE (beam) (0.070,0.049)
worl ———ThumuNC  (1.321,1.320)
J0t!
EO'Z I wn\i s .,
RN N
%0,3 - \M\H .’ll"-I I
£ \“\ o
= i el
340 b i

2 [

M STl
10°¢ II \

0 2 4 6 8 10 12 14 16 18 20

Energy (GeV)

LE appearance 700km / 40km

= [ nhumu->nue CC (0.071,0.056)
2 1 —Thumu->nue QE (0.038,0.037)
= T —Thue CC (beam) (0.190,0.125)
ﬁ F hue QE (beam) (0.047,0.040)
L . B ——humuNC _ (0.525,0.525)
go g &(
s | /-\H
S LN N,
&0 ]l\ = I"'~.,||I
e 1IN ™y
s Y
2 o,
g T . \1“4‘\{1
To* I i “m"

b ’|1 \\ Ir | III“HII
10°E |

i

||\

0 2 4 6 8

12

14 16 18 20
Energy (GeV)

10

LE appearance 810km / 12km

= I humu->nue CC (1.412,1.280)
2104 —humu->nue QE (0.367,0.353)
= —hue CC (beam) (1.567,0.425)
& r hue QE (beam) (0.193,0.118)
woig humu NC  (6.790,6.787)
z
=
So'k TNy
3 T W“lllr"'*ﬂw
Eo-z Py
& V\M""'Wm
é 3 \ V""‘-'HW A

0 o L
10* I \\\\

H e
105E ” s Y
0 2 4 6 8 10 12 14 16 18 20

Energy (GeV)
LE appearance 810km / 40km

= h humu->nue CC (0.084,0.067)
'E 1 fumu->nue QE (0.045,0.043)
x i —Tue CC (beam) (0.195,0.107)
2k —Thue QE (beam) (0.045,0.035)
%0_1 :h\ —humu NC _ (0.596,0.596)
N
= |
30° . W
8§ ‘\ ¥
= h
So° W
2 e,
§0,4 | l'rli"n...n
FEw N T
ol HW x

I M\““ba
10‘65111 o e ! |

‘ I, Cl
14 16 18 20
Energy (GeV)

0 2 4 6 8 10 12

FIG. 9: v, — v, CC interaction rates for NuMI LE tune and various off-axis options for (0-20

GeV, 0-3GeV).

15



AntiLE appearance 735km / Okm

= & anumu->nue CC (1.139,0.606)
lg 11\ anumu->nue QE (0.325,0.211)
X101k anue CC (beam) (1.534,0.279)
N £ Anue QE (beam) (0.278,0.101)
wor fiumu NC  (17.509,17.488)
= I
s |
> 1|k )WWWHII.M N
0 Fos,s "'”'Whmnﬂmﬁ%njl,w
= Fj "%hh,,ﬂ . ['||||"Jll‘“llj'1l‘\
o W P
B N

3 B !
e || \M"'w
10—4 ; Wlhhllnnm%

f d A

5

10 "2 4 6 8 10 12 14 16 18 20

Energy (GeV)
AntiLE appearance 810km / 6km

= k anumu->nue CC (0.800,0.566)

IE :Il'| anumu->nue QE (0.244,0.195)

=10 3nue CC (beam) (0.925,0.213)

ﬁ F anue QE (beam) (0.179,0.078)

'i‘J 3 fumu NC  (10.796,10.789)

=1

AR

> r i

o 4l st

A0 E WLMH

B 1 i N T I
o lLHE M -”Mw. |

20 4 L]n“» |

S 1 "ld'Lq.lu]

&, WIII..I‘K W“L”“'Ifhlhwh»m,m ‘

10°) '\\\'\

e e et

0O 2 4 6 8 10 12 14 16 18 20
Energy (GeV)

AntiLE appearance 810km / 30km
0

L

anumu->nue CC (0.043,0.036)
anumu->nue QE (0.026,0.024)
anue CC (beam) (0.122,0.046)
anue QE (beam) (0.035,0.021)
—__humu NC (1.309,1.308)

=
T1 T T, TTT]
"_._._.__,_v#w

Q
),

et
¥

Events (eviiGeV/IMW.1E7s/kTon

(0] j . MH,LI
ok N L1 FL'!."\I'”
!
10"‘E ! \\1‘\ fh!n'\l'”lll
i
0 2 4 6 8 10 12 14 16 18 20

Energy (GeV)

AntiLE appearance 700km / 40km

= k anumu->nue CC (0.024,0.020)
E anumu->nue QE (0.016,0.015)
B3 1 & anue CC (beam) (0.063,0.040)
Lk Fnue QE (beam) (0.021,0.017)
w —humu NC _ (0.544,0.544)
20k

= ZH

> [

[

Qo? )

s M W

- b |I|‘I

§0 | "

S |

g \ fly u

10% mﬁ“\/ L,il |ﬂ, Il

10° Tl s T

14 16 18 20
Energy (GeV)

AntiLE appearance 810km / 12km

0 2 4 6 8 10 12

= I anumu->nue CC (0.388,0.346)
'210 anumu->nue QE (0.145,0.137)
= Anue CC (beam) (0.545,0.166)
g \ anue QE (beam) (0.116,0.064)
'-‘H_ 1k —humu NC _ (6.286,6.284)
: 1
Sy
?9101 E uln"l
 r L S|
3,0 Pl f
%_2 L B lill'ﬁjilnr I
@ & \ ”-"HM L]
g m \\ “hw
>
o j"'\‘\. ww

4 R ‘1\-4
107 ¢ l LJKJ"h’Iq

R e | | MVH A |

L Ll L
10 12 14 16 18 20
Energy (GeV)

AntiLE appearance 810km / 40km

TT

anumu->nue CC (0.029,0.024)
anumu->nue QE (0.018,0.017)

S
x 1§ Anue CC (beam) (0.066,0.034)
& E anue QE (beam) (0.021,0.015)
W —humu NC _ (0.609,0.609)
do'e
= N
> |
30_2 [ 2T
Ei (e
LR Ty
EO i S5 T
A\
ol 1
10 E T
o R
108 W R 111 L O T
0 2 4 6 8 10 12 14 16 18 20

Energy (GeV)

FIG. 10: 7, — 7, CC interaction rates for NuMI LE tune and various off-axis options for (0-20
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FIG. 12: 7, — 7, CC interaction rates for NuMI ME tune and various off-axis options for (0-20

GeV, 0-3GeV).
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FIG. 13: WBLE total CC event spectra (no oscillations) with the v, — v, oscillation probabilities

overlaid for sin? 20;3 = 0.04 and various values of d¢p as a function of log(E,).

19



Antiwble120, anumu CC, sin2thetal3=0.04, 1300km/Okm

anumu CC events (evt/GeV/(MW.1E7s)/kTon)

anumu CC events (evt/GeV/(MW.1E7s)/kTon)

log(Energy/GeV)
Antiwble120, anumu CC, sin2thetal3=0.04, 1300km/23km
0.1
~¢p=270 deg E
—¢p=180 deg §
~cp=90deg 0.8 £
- [0}
O
, =
o
710.06 ©
i [0}
o
o
i <
\ -0.04
){ ~0.02
05 1 15 7
log(Energy/GeV)

=
[aw)

cp=270 deg
~cp=180deg
— cp=90deg

(o]

o
—

0.08

(7]

\ -10.06

Appearance Probability

~10.04

0.02

1 05 0 05

1 15 2

Antiwble120, anumu CC, sin2thetal3=0.04, 1300km/12km

. 0.1
g 9 ii A cp=270 deg 5?
S g —¢p=180 deg E
ot /\ ~cp=90deg 008 £
a7 }r — o
I v
S| { 1006 &
&5 j \ )
%4: | .
S .
o [ i

5 3r | g

> L ﬂ \ i
o2 0.02
O 4 I \ ]\ —10.
Ot i
N

C L1 1 L1 1 L1 11 Ll |

0 5 0 05 1 15 2

log(Energy/GeV)

Antiwble120, anumu CC, sin2thetal3=0.04, 1300km/57km

o
[EEN

T | —cp=270deg. 2
9.5¢ o 3
x| cp=180 deg g
? — A= o
N cp=90 deg 0.08 <
= - [0}
. L O
25
3 Joos
52 g
21 | <
s F

s ' i0.04
s

(0]

o 1 U 1

0 0.02
O |

S [\ WoN
1IN

g \\M |- 1| Ll 1|

s0 05 0 05 1 15 2

log(Energy/GeV)

FIG. 14: WBLE total CC event spectra (no oscillations) with the ©,, — 7, oscillation probabilities

overlaid for sin? 20;5 = 0.04 and various values of d¢p as a function of log(E,).
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FIG. 15: WBLE total CC event spectra (no oscillations) with the v, — v, oscillation probabilities

overlaid for sin? 20;3 = 0.04 and various values of d¢p as a function of log(E,).
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FIG. 16: WBLE total CC event spectra (no oscillations) with the ©,, — 7, oscillation probabilities

overlaid for sin? 20;5 = 0.04 and various values of d¢p as a function of log(E,).
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FIG. 17: WBLE total CC event spectra (no oscillations) with the v, — v, oscillation probabilities

overlaid for sin? 20;3 = 0.04 and various values of d¢p as a function of log(E,).
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FIG. 18: WBLE total CC event spectra (no oscillations) with the #,, — 7, oscillation probabilities

overlaid for sin? 20;5 = 0.04 and various values of d¢p as a function of log(E,).

24



wble030, numu CC, sin2theta13=0.04, 1300km/0km whle030, numu CC, sin2theta13=0.04, 1300km/12km

i 0.1 I 0.1

2| | | opziodeg 22 rﬂl —cp=270deg| £
. = =
;6 m cp=180 deg § 214- cp=180 deg §
514: N7 cp=00deg 0.08 2 5 ) [I ~cp=90deg 008 £
<4 [ — o 2 — 0
12

0 T |5 2 ) .-
< 0os s S0 l 7006 ®
>10r 1 ' ] o > [ il 0
ST (I s 8. Il 3
S o # N\ i < S8 i <
587 / | > T
- I —0.04 - T —10.04
2 4 | s o o .
5 NN | 5 | | /A
> L - > AW §
0y o4
0 “ €002 o | ~0.02
O [ ] O | |] ]
3 9 / . ] 3 /] v I |
N N
g 7\ L | Lt | 1| L1 1 L1 11 bl L | g 7\ L | e | L1 L1 | L1 1| bl L |

b 05 0 05 1 15 2 %05 0 05 1 15 2

log(Energy/GeV) log(Energy/GeV)
wble030, numu CC, sin2theta13=0.04, 1300km/23km whble030, numu CC, sin2thetal3=0.04, 1300km/57km

i 0.1 F 0.1
Tl " —cp=270deg| 2 T | 1 ——cp=270deg. 2
oldr 5 °O 9 a
vl \ cp=180deg @ vl cp=180deg @
/\"7 - _ A87 . _
U,\"J’lzf cp=90 deg 0.08 2 u,\"’J E cp=90 deg 0.08 2
! — o A — v
31 A . c St [\ , c
=t I | sl S Il T
st \ Posg SO \ 1006 §
(0] 8 o O o
O o 05 o
s L | < s r , <
5 | S 4 [\
L 004 4 / 10,04
g T : 9 :
5 I 7 5 3 NN .
s 4 T \ ~
0 [ 1002 02 ~0.02
°, R L1/ *
S “ =] ]
E [ \ E ] v | ]
g 7\\ rh%""‘ g M/ L1 H\M\

0005 0 05 1 15 7 0005 0 05 1 15 7
log(Energy/GeV) log(Energy/GeV)

FIG. 19: WBLE total CC event spectra (no oscillations) with the v, — v, oscillation probabilities

overlaid for sin? 20;3 = 0.04 and various values of d¢p as a function of log(E,).
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FIG. 20: WBLE total CC event spectra (no oscillations) with the ©,, — 7, oscillation probabilities

overlaid for sin? 20;5 = 0.04 and various values of d¢p as a function of log(E,).
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FIG. 21: WBLE total CC event spectra (no oscillations) with the v, — v, oscillation probabilities
overlaid for sin®260;3 = 0.04 and various values of dep as a function of log(E,). For a distance
2500km from the target
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FIG. 22: WBLE total anti nu, CC event spectra (no oscillations) with the v, — 7 oscillation
probabilities overlaid for sin® 2613 = 0.04 and various values of d¢p as a function of log(E,). For a
distance 2500km from the target
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FIG. 23: v, — v, total CC interaction rates for a 120 GeV WBLE beam with various off-axis

options for (0-20 GeV, 0-5GeV).
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FIG. 26: v, — v, total CC interaction rates for a 60 GeV WBLE beam with various off-axis

options for (0-20 GeV, 0-5GeV).
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FIG. 29: v, — v, total CC interaction rates for a 30 GeV WBLE beam with various off-axis

options for (0-20 GeV, 0-5GeV).
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FIG. 31: v, — v, total CC interaction rates for a 30 GeV WBLE beam with various off-axis

options for (0-20 GeV, 0-5GeV).
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FIG. 32: v, — v, total CC interaction rates for a 30 GeV WBLE beam with various off-axis

options for (0-20 GeV, 0-5GeV).
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FIG. 33: v, — v, appearance rates and single 70 background rates for a 120 GeV WBLE beam

with various off-axis options for (0-20 GeV, 0-5GeV).
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FIG. 34: v, — v, appearance rates and single 70 background rates for a 120 GeV WBLE beam
with various off-axis options for (0-20 GeV, 0-5GeV).

40



whble060 appearance 1300km / Okm whble060 appearance 1300km / 12km

2 humu->nue CC (2.535,2.006) =t humu->nue CC (1521,1.419)
|910 numu->nue QE (0.403,0.364) '910 numu->nue QE (0.305,0.297)
Xk nue CC (beam) (1.345,0.611) X |} hue CC (beam) (0.906,0.504)
2 flue QE (beam) (0.169,0.129) 20 Aue QE (beam) (0.137,0.115)
H | — _numuNC  (7.838,7.838) l‘-|_|J 1 —_numuNC  (5.333,5.332)
t1E P Lk P
Sk S |
s | s |
> I > -1
do'p &1
St S I
2 2
0° a0’
c c
10} )
> >
[ T |
10°¢ 10
10°F L

0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

Energy (GeV) Energy (GeV)
whble060 appearance 1300km / 23km whle060 appearance 1300km / 57km
E\lO? numu->nue CC (0.480,0.444) ~ numu->nue CC (0.105,0.097)
E numu->nue QE (0.140,0.138) ﬁ —_nhumu->nue QE (0.058,0.057)
< I nue CC (beam) (0.520,0.320) X 1 F hue CC (beam) (0.120,0.110)
20 fue QE (beam) (0.098,0.086) NI fue QE (beam) (0.035,0.035)
u 1k numuNC  (3.081,3.081) o —humuNC  (0.611,0.611)
2 | : 1
: | 1
go-l? g I Mhﬁ
~ i 2 ':
s [ Wil it
8, W O Bl
;i u N
g 50°F rh"“'" gl
g M 1 2l
o118 R |

10* ! :

:\HH\H " Ll \u_dl 10'5:\\\\\\I\ I |||\'|hm\u__f

0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

Energy (GeV) Energy (GeV)

FIG. 35: v, — v. appearance rates and single 70 background rates for a 60 GeV WBLE beam
with various off-axis options for (0-20 GeV, 0-5GeV).
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FIG. 36: v, — v. appearance rates and single 70 background rates for a 60 GeV WBLE beam

with various off-axis options for (0-20 GeV, 0-5GeV).
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FIG. 37: v, — v, appearance rates and single 70 background rates for a 40 GeV WBLE beam

with various off-axis options for (0-20 GeV, 0-5GeV).
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FIG. 38: v, — v, appearance rates and single 70 background rates for a 40 GeV WBLE beam

with various off-axis options for (0-20 GeV, 0-5GeV).
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FIG. 39: v, — v, appearance rates and single 70 background rates for a 30 GeV WBLE beam

with various off-axis options for (0-20 GeV, 0-5GeV).
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FIG. 40: v, — v, appearance rates and single 70 background rates for a 30 GeV WBLE beam

with various off-axis options for (0-20 GeV, 0-5GeV).

46



whle

030 appearance 2500km / Okm

= F numu->nue CC (0.330,0.273)
|9 k numu->nue QE (0.068,0.064)
X 1k nue CC (beam) (0.101,0.071)
NI fue QE (beam) (0.020,0.018)
H I —humuNC  (1.047,1.047)
;. I
go-lr
% r
o [l
§0'2 o)
g
c
o
a0’y
10
L1l I | J__‘_
02468101214161820

Energy (GeV)

whle030 appearance 2500km / 23km

T L numu->nue CC (0.191,0.171)
2 Il numu->nue QE (0.053,0.052)
< 1 fiue CC (beam) (0.088,0.066)
2k fue QE (beam) (0.019,0.017)
wor —humuNC  (0.857,0857)
: 1
M
302
)
)
C
$0°
(L
10°

111 | \\\'”'Jlll\\ 1 1101l

0 2 4 6 8 101214161820

Energy (GeV)

whble030 appearance 2500km / 12km

I\él).\N.lE?s/kTon)

(ewt/GeV/
<

[EN
BAA———"REN

numu->nue CC (0.277,0.240)
numu->nue QE (0.063,0.060)
hue CC (beam) (0.101,0.074)
nue QE (heam) (0.020,0.018)

—__numuNC  (0.984,0.984)

Ewvents
[=)
w

[E=Y
(=}
ES

L

14 16 18 20
Energy (GeV)

whble030 appearance 2500km / 57km

HGeV/MW.1E7s/kTon)
O,'\: O,; —

(ev

Events
(=)
w

numu->nue CC (0.092,0.082)
numu->nue QE (0.040,0.039)
hue CC (beam) (0.048,0.038)
nue QE (heam) (0.013,0.012)

— numuNC  (0.461,0.461)

[N
S
S

§ 10 12 14 16 18 20

Energy (GeV)

FIG. 41: v, — v, appearance rates and single 70 background rates for a 30 GeV WBLE beam

with various off-axis options for (0-20 GeV, 0-5GeV).
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FIG. 42: v, — v, appearance rates and single 70 background rates for a 30 GeV WBLE beam
with various off-axis options for (0-20 GeV, 0-5GeV).
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